Similar to the general characteristics of the ecosystem, the cyber-society is also composed of a number of interrelated and interactive elements. Therefore, to promote the health, orderly and rapid development of the overall ecosystem of cyber-society, we must ensure the coordination development between the various system elements, and make their structures and functions in a dynamic balance state of mutual adaptation and coordination. Use the theories of Ecology and Synergetics, this paper considers the cyber-society as a typical ecological system, and puts forward the concept of "coordinated development of ecosystem of cyber-society" first and studies its content, requirements and measure method systemically, and then applies it to the development of China ecosystem of cyber-society. It aims to provide new theories, ideas and methods for human to understand, regulate and develop the cyber-society much better, and also make forward-looking research and exploration to realize the coordinated development of the cyber-society.
INTRODUCTION
The concept of "Ecosystem of cyber-society" was first proposed by Professor Zhenji Zhang in 2008 in his monograph "Ecology of Cyber-society" (Zhang and Zhang, 2008) . Similar to the general characteristics of the ecosystem, the cyber-society is also composed of a number of interrelated and interactive elements, has certain functional targets, and there are certain limits with the outside world. But it is not just the network system that emphasizes on the technology people often referred to, it is a large-scale system that composed of Internet users, network infrastructures and network social environment related to the development of the cyber-society. It emphasizes the mutual relationships and overall organics between the various elements in this big system. As the only one intelligent element in the Ecosystem of cyber-society, the Internet users can achieve rational use of the network through its own control, regulation and development, and play a key role to the existence, development, and expansion of the cyber-society; the network infrastructures constitute a prerequisite for the existence of the cyber-society, and is also a necessary condition to its emergence, existence and development; while the network social environment is the concrete embodiment of the quality of Internet users' life, and the rich and full-featured web applications are helpful to realize the demands of the Internet users and promote the development of the cyber-society. Only with the coordinated development between the various system elements and their structures and functions in a dynamic balance state of mutual adaptation and coordination, can promote the Ecosystem of cyber-society as a whole to develop healthier, more orderly and rapidly, otherwise it would cause great obstacles. Therefore, how to ensure the coordination development between the Internet users, network infrastructure and network social environment has become an urgent problem we need to study and resolve.
Using the theories of Ecology and Synergetics, this paper considers the cyber-society as a typical ecological system, and puts forward the concept of "coordinated development of ecosystem of cyber-society" first and studies its content, requirements and measure method systemically, in order to provide new theories, ideas and methods for human to understand, regulate and develop the cyber-society much better, and also make forward-looking research and exploration to realize its coordinated development.
BRIEF LITERATURE REVIEW
Currently, among the literature can be found around the world, although some scholars have put forward the concept of ecological networks from different perspectives and gradually realized the importance of this research area, there is still very little comprehensive and systematic research about the cyber-society from the perspective of ecosystem.
And there is no literature that has proposed the concept of "coordinated development of Ecosystem of cyber-society" and studied its content, requirements and measure method systemically from the perspective of the ecosystem for the development of cyber-society. It is a new research area. As a complex giant system, the Ecosystem of cyber-society includes all aspects of the cyber-society. With the change of objectives, level and scope of the research, the research about the Ecosystem of cyber-society can be divided into the following two different levels.
The first level is the macro level, which focuses on the whole Ecosystem of cyber-society, and researches its structure and function, formation and evolution mechanisms, and the ecological balance of the cyber-society from the perspective of ecosystem. For example, Professor Zhenji Zhang has described the cyber-society from the ecological point of view systematically and analyzed the structure, properties, mechanisms and other aspects of the Ecosystem of cyber-society comprehensively in his monograph of "Ecology of cyber-society".
The second level is the micro level, which researches the specific level of the Ecosystem of cyber-society. For example, Lanlan Hu proposed the concept of e-business ecosystem and discussed the coordination mechanisms between the system members (Hu and Lu, 2009); Libing Shen et al. analyzed the sustainable development of the network environment (2006) , and so on.
In addition, the related research mainly focuses on the sociology of network and social ecology. And among them, different scholars have different views about the concept of sociology of network, such as the American social thinkers Manuel • Custer pointed out that the network society is a new social form of society that different from the reality , and pointed out that "the network constructs the new form of our society, and the spread of the network logic has changed the operating result of production, experience, rights and culture. And it is characterized by social forms than the superiority of social action" (2001); While Qi Gong considered the network society as a virtual space of human and human's life, study and work in this alternative space (2003) . About the research on the sociology of network, some scholars advocate classifying it into the area of information science, while some other scholars emphasize the unique features of the network society in the media and dissemination, and claim to study the evolution of the network society from the perspective of media and dissemination, and one of the representatives is an American scholar Manuel • Custer.
The research on the social ecology started earlier. Brown who comes from American Cornell University had analyzed the human activities in social life from the perspective of the natural ecology (1979) . Developed so far, the research of this discipline gradually changes into two directions: one is to analyze the phenomenon of human social life using the related theories and methods of natural ecology, such as the human activities, social development and so on, and the other one is to research the coordinated development between the society, economics and resources quantitatively and qualitatively based on the theory of ecology.
The concept of "coordinated development of Ecosystem of cyber-society" that proposed in this paper is a cross research between the above two disciplines. It not only emphasizes on analyzing the network space from a sociological perspective, but also reflects the theory of coordinated development in the ecology. Therefore, although the concept of "coordinated development of Ecosystem of cyber-society" is new, since that the research is a frontier that based on the current disciplines and research achievements, the development status and trends of related disciplines are significant to this research.
THE COORDINATED DEVELOPMENT OF ECOSYSTEM OF CYBER-SOCIETY AND ITS MEASUREMENT

Coordinated Development of Ecosystem of Cyber-society
The coordinated development of Ecosystem of cyber-society is the integration of the concept of coordination and development that emphasizes on the "holistic", "endogenous" and "comprehensive" development. It refers to the overall process that changes from simple to complex, from lower to higher, and from disorder to order between the system and its elements-the Internet users, network infrastructures, and network social environment on the basis of a virtuous cycle during the development process, in order to achieve the simultaneous growth of social, economic and environmental benefits of the cyber-society. Here, the "development" is the description of its movement direction, while "coordination" refers to the constraints and provisions on this development trend.
Analyze from the perspective of system theory, the coordinated development of Ecosystem of cyber-society mainly reflects in the following areas.
(1) Coordination of constitutes The coordination of constitutes refers to the integrity and rationality of the various elements of Ecosystem of cyber-society, and it is a prerequisite for the coordinated development of Ecosystem of cyber-society. There is hierarchy in the constitute coordination of the cyber-society. First of all, is the self-coordination of the elements or subsystems in the same level, and then followed by the coordination between different elements in the same level, or between the same kinds of elements in different levels, or between different elements in different levels. In the network social environment as shown in Figure 1 , this level takes the Internet users as the core and is an organic system that composed of the links between the Internet users and the other elements (the network politics, economy and culture). To ensure the constitute coordination, we have to make sure the self-coordination of the Internet users, material, spirit, and institution in the cyber-society, and then make sure the coordination between the Internet users and politics, culture, and economics in the cyber-society. (2) Coordination of structure Structure is the sum of the temporal and spatial arrangement and interaction between the system elements and it is the factor that can influences the system functions and attributes best. Therefore, the structure coordination is the basic condition that ensures the normal operation of the system. The structure of Ecosystem of cyber-society includes not only the relations between the various subsystems in the scale, speed, direction of development and so on, but also includes the multi-dimensional space with hierarchy that composed of groups in different social positions and roles. The structure coordination of Ecosystem of cyber-society mainly reflects in the following aspects: the coordination coherence between the Internet users and the network infrastructure, network social environment in the development scale, speed, and direction; the rationality in the size, distribution, proportion between the Internet users and the network infrastructure, network social environment; the orderliness in the way of connection, constraint, and control between the different levels of social structure; the flexibility of the overall structure of the cyber-society, etc.. The structure coordination of Ecosystem of cyber-society is helpful to reduce the friction within the system, and maintain the balanced and stable relations between the different levels of Ecosystem of cyber-society.
(3) Coordination of functions Structure and function are two aspects of any system. The structure of Ecosystem of cyber-society reveals the internal relations and roles of the system, while the functions of the system show the external relations and role. The Ecosystem of cyber-society can only rely on the system structure to integrate the various elements into an organic whole, and to achieve the functions through the linkages between the various system elements. The function coordination of Ecosystem of cyber-society not only reflects in the role, impact and results to the Internet users or the overall cyber-society due to the presence and activities of the network infrastructure, network social environment and so on, meeting the spiritual, material and cultural needs of the Internet users, and promoting the comprehensive development of the Internet users positively, but also reflects in the smooth flow of matter, energy and information (mainly in the form of information) between the cyber-society and the network social environments to meet the needs of their own development for the overall cyber-society and its various subsystems.
(4) Coordination of input and output Any system is in a certain period of time and space, in a certain environment, and has to continuously exchange material and energy with their environment in order to maintain system stability. The Ecosystem of cyber-society can be divided into the following two levels, that is to say the cyber-society formed by the interaction between the Internet users (such as the users, virtual enterprise, e-government, etc.), and the network infrastructure and network social environment (such as the network politics, network economy, network culture, etc.) that support the operation and development of the cyber-society. And there is the input-output relationship between the cyber-society and the network infrastructure and network social environment, that is, the flow of information. The coordinated development of Ecosystem of cyber-society not only emphasizes the coordination between the different levels within the system, but also emphasizes the stability of the input and output between the cyber-society and the network infrastructure and network social environment. It promotes the coordination of input and output within the Ecosystem of cyber-society through the exchange of information with the external environment by their own self-organization and human factors.
(5) Coordination of time and space The Ecosystem of cyber-society has the feature of time and space, that is to say this system can not only be the cyber-society that based on the global Internet, but also can be the cyber-society that based on the regional Internet. The cyber-society in any region is also a part of the real society. The Ecosystem of cyber-society is an open system, and the coordinated development of any subsystems can not leave their environment. They have to exchange material, energy and information with their environment and absorb negative entropy in order to maintain the sound development of the system. Moreover, the coordinated development of Ecosystem of cyber-society only refers to the coordination in a certain period, and the Ecosystem of cyber-society has different forms of structure and functions, different operation modes, and also different objectives to achieve at different stages.
Thus, we can see that there is a relationship of mutually reinforcing and inhibiting between the various elements of Ecosystem of cyber-society . If the various system elements can coordinate and promote each other and control the factors that cause the uncoordinated between the elements to a minimum range, then the Ecosystem of cyber-society will develop healthily. While if various system elements can't develop coordinately, that is to say the entropy of the system increases continuously and at the same time the system can't absorb negative entropy from the external to keep balance, then it will threaten the normal operation of Ecosystem of cyber-society. Therefore, we need to measure the coordinated development of Ecosystem of cyber-society. Through the coordinated development measurement of Ecosystem of cyber-society, we can find out the problem, and then promote the development of Ecosystem of cyber-society in the direction, content, progress and so on by using the scientific and effective measures on the basis of complying with the development and evolution of the system itself in order to meet the needs of human development.
Construction of the Index System
Scientific construction of evaluation index system is the key to objectively reflect and measure the coordinated development of Ecosystem of cyber-society. In the context of complying with the principles of scientific, operational, practical, independence and relevance and on the basis of in reference to the related research results, such as the research on the real social, demographic, economic coordinated development, research on the coordinated development of urban ecology systems and the cyber-society (Chen, 2002; Zhang and Liu, 2009) , combined with the relevant content of "National Internet Development Survey Report", "China Internet Network Security Report", and "China Informationization Almanac", this paper constructs the index system as shown in Table 1 , mainly including the following three levels: subsystems of Internet users, network infrastructures, and network social environment.
Measure Method
This paper will use the gray system model to measure the coordinated development degree of the Ecosystem of cyber-society. It is an analysis method based on the grey relational analysis in the gray system theory, and analysis by comparing the distance between the reference point and the points-based (Chen, 2008) . It reflects the numerical relationship between the subsystems of Ecosystem of cyber-society when used in the subsystems of Ecosystem of cyber-society. During the development process of Ecosystem of cyber-society, if there is the same change trend between two subsystems, including the changes in size, direction, speed and so on, then it shows that the degree of synchronous changes between these two subsystems is higher and their correlation is larger, otherwise their correlation is lower (Chen, 2008; Tu, 2008) .
The steps to measure the coordinated development of Ecosystem of cyber-society using the gray system coordination model are as follows.
Assume there is a time series with n factors: (Tu, 2008) .
(1) Accumulate the value of each factor at different time points, and get new time series.
(2) Standardize the value of new time series: (1) (2) ..
(3) Calculate the difference sequence and its maximum and minimum using the following formula:
(4) Calculate the correlation degree between j X and k X :
Here, ρ refers to the identification coefficient, and it can take any number between 0 and 1 (usually between values of 0.1 to 0.5). ρ reflects the difference between correlation coefficients. Coordination coefficient ( ) ij i ε is a positive number less than 1, and it reflects the correlation degree between the child sequence i X and the parent 
The coordination degree reflects the value of coordination level between the three subsystems of the Internet users, network infrastructure and network social environment. The greater the value is, the higher degree of coordinated development between the three subsystems is, otherwise the lower degree of coordinated development. According to the analysis on the existing research literature about the coordinated development measurement of the real social system, this paper proposes the grading standards to the coordinated development degree between the three subsystems of the Internet users, network infrastructure and network social environment. It can be divided into five levels, as shown in Table 2 .
It should be noted that while the gray relational analysis is based on the data analysis of past few years, so the analysis result is the comprehensive measurement of coordinated development of years, rather than the coordinated development over the years.
APPLICATION RESEARCH ON THE COORDINATED DEVELOPMENT OF CHINA ECOSYSTEM OF CYBER-SOCIETY
Development Status of China Ecosystem of Cyber-Society
At the end of 2009, the scale of Chinese Internet users has reached 384 million, which has increased 28.9% compared with 2008, and the proportion in the total population has also grown from 22.6% to 28.9%. The Internet penetration rate maintains a steady upward trend. At the same time, the network infrastructures expand, the network applications enrich and functions improved constantly. Relevant statistical data are shown in Table 3 .
Determine the Index Weights
Using the SPSS statistical software (SPSS will automatically standardize the data and eliminate the dimension of data) and principal component analysis Luo, 2004; Wu and li, 2007) , we can determine the main components of each subsystem in the Ecosystem of cyber-society and the corresponding weight. The score models of each subsystem are as follows.
(1) The score model of Internet users is: 
Measurement of the Coordinated Development Degree based on the Grey Relational Analysis
(1) Calculate composite score of each subsystem for each year According to the composite score models in 4.2, we can calculate the composite score of each subsystem for each year, as shown in Table 4 . There are positive and negative in the results of the principal component analysis. It indicates that it's an above-average score if the score is positive, otherwise it's lower than average. And as the correlation model requires that there should be a rising trend after data accumulation, so we add 3 to each composite score of three subsystems in order to ensure that all scores are positive, but also will not change the trend of time series of the system composite score at the same time, shown as Table 5 .
(2) Calculate the cumulative value of three subsystems, as shown in Table 6 .
(3) Calculate the standard value of three subsystems, as shown in Table 7 .
(4) Get the coordination matrix between the three subsystems, as shown in Table 9 .
Based on the same calculation steps, we can also conclude the correlation coefficient and coordination degree between the network infrastructures and other subsystems, and also the correlation coefficient and coordination degree between the network social environment and other subsystems, and then construct the coordination degree matrix between the three subsystems, as shown in Table 10 .
Result Analysis
Through the research on the coordinated While the coordinated development degree between the Internet users and network social environment is in the level of "primary coordination", and it indicates that there is a phenomenon of lack of coordination between the Internet users and network social environment to a certain degree. This kind of mismatch may come from the threaten that brought by the network security to the network social environment, or the growth rate of Internet users can not meet the utilization capability improvement of the network applications, and so on. Overall, the current development between the China's three subsystems of Internet users, network infrastructures and social environment is in the state of coordination.
